V1.11: Contact Angle

(Related to Textbook Section 1.9 - Surface Tension)

Surface tension is an important property when two fluids that do not easily mix are placed next to each other (such as water and air). The surface tension is a force that acts on the interface between the water and air due to that fact that the molecular attraction from water molecules on one side of the interface is different from that of air molecules on the other side.

Surface tension allows drops to maintain a hemispherical shape when placed on a flat surface, as shown in the video. The contact angle of the drop is the angle that the drop makes with the solid surface. This angle depends upon the surface tension. In the first segment of the video, a water drop (colored orange) is placed on a plastic surface. The contact angle is about 90 degrees. In the second segment, a (blue) drop of alcohol is placed on the same surface. The lower surface tension of alcohol reduces the contact angle and cause the alcohol drop to spread more than the water drop (the alcohol wets the surface more easily). The third droplet is mercury on the same surface. The higher surface tension of mercury produces less wetting (i.e. the droplet spreads less) and a higher contact angle (past 90 degrees).

The effect of wetting can also be seen in a meniscus (the curved surface of a liquid interface in a tube). Orange water wets the tube causing the fluid to rise to a higher elevation at the wall. However, the much higher surface tension of mercury causes the interface to be higher at the center of the tube than at the wall.

The contact angle not only depends on the properties of the liquid and gas (i.e. the surface tension) but also on properties of the solid surface. Some surfaces repel the liquid (hydrophobic surfaces) and some surfaces attract the liquid (hydrophilic surfaces). When the water drop is placed on a soap bar the contact angle is less than it was on the plastic surface and the drop spreads. In other words, the drops wets the surface more easily. This interaction with the surface involves a complex interplay between the nature of the solid surface, liquid already on the surface and whether or not the surface contains surfactants that lower surface tension. Soap is used as a detergent because it lowers the surface tension of water and allows the water to more completely wet surfaces (such as the fabric of your shirt). When soap is placed in the small notch behind the boat shown in the video, it lowers the surface tension in the region. The imbalance in surface tension between the front and back of the boat causes the boat to move forward.

In the final segment of the video, a gas that is denser than air is poured into a pipe that contains liquid soap. The surface tension of the soap bubble that forms at the bottom of the pipe is enough to contain the gas and ultimately push it back up through the pipe.
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